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(54) BIODEGRADABLE PLASTIC WITH BARRIER PROPERTY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a plastic which is degradable with microorganisms and 
bacteria and has high barrier properties and excellent colorless transparency by forming a thin film 
layer consisting of silicon oxide and metal fluoride on a polysccharide-contg. biodegradable plastic. 
SOLUTION: A thin film layer consisting of silicon oxide and metal fluoride is formed on one face or 
both faces of a polysaccharide-contg. biodegradable plastic to obtain a biodegradable plastic with 
barrier properties being suitably used as a packaging material for foods and an industrial material. In 
this case, a protein is incorporated in the biodegradable plastic and as the metal fluoride of the thin 
film layer, one or two or more compd. selected from magnesium fluoride, calcium fluoride, strontium 
fluoride, barium fluoride, sodium fluoride and aluminum fluoride are used. In addition, the ratio of 
compsn. of silicon oxide/metal fluoride constituting the thin film layer is 99.5-80mol%/0.5-20mol%. 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The biodegradable plastic which has the barrier nature which comes to form in one side or 
both sides containing polysaccharide of a biodegradable plastic (A) the thin film layer (B) which 
consists of silicon oxide and a metal fluoride. 

[Claim 2] The biodegradable plastic which has the barrier nature according to claim 1 to which a 
biodegradable plastic (A) is characterized by containing protein further. 

[Claim 3] The biodegradable plastic which has the barrier nature according to claim 1 or 2 whose metal 
fluoride of a thin film layer (B) is a kind chosen from magnesium fluoride, a calcium fluoride, strontium 
fluoride, barium fluoride, a sodium fluoride, and aluminum fluoride, or two sorts or more. 
[Claim 4] The biodegradable plastic to which the presentation ratio of the silicon oxide / metal fluoride 
which constitutes a thin film layer (B) has the barrier nature of a publication in 99.5 - 80-mol %/0.5 - 
20-mol claim 1 which is % thru/or, and 3 any 1 terms. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention can be biodegraded with a microorganism, a bacillus, etc. and 
relates to the plastics which has advanced barrier nature and transparent and colorless nature. The 
biodegradable plastic which has the barrier nature of this invention is suitably used as materials, such as 
packing materials, such as food, drugs, tobacco, an electronic ingredient, and cosmetics, and industry, 
agriculture. 
[0002] 

[Description of the Prior Art] Plastics has the outstanding properties, such as lightweight nature, safety, 
corrosion resistance, electric insulation, and a moldability, and is produced and consumed by the large 
quantity in industrial [ at large / various ]. However, once it is used, even if it is few and is the case 
where it is recycled, being recycled becomes trash eventually and it needs a certain disposal. Although 
incineration or reclamation is in use when carrying out ultimate disposal of the plastics, the pollution 
problem accompanying it is taken up and the interest is increasing globally. Then, research of the 
plastics decomposed by natural environment is progressing. 

[0003] For example, the gas barrier nature water soluble film characterized by the metal vacuum 
evaporationo layer existing in the film-like base material which consists of a water soluble polymer 
compound is indicated by JP,5- 170888, A. Since the metal vacuum evaporationo layer exists, this film 
has gas barrier nature and weatherability, and a base material film biodegrades it by the microorganism 
further, and it has the description that a metal vacuum evaporationo layer is recoverable. However, the 
metal vacuum evaporationo layer was opaque, and when goods were packed, it had the fault that 
contents could not be seen. 

[0004] On the other hand, the vacuum evaporationo film of a silicon oxide is not so opaque as aluminum 
Tomari or an aluminum vacuum evaporationo film, and it is put in practical use by the packing material 
which shows contents in order to space a visible ray. In the package field centering on food, specifically, 
the vacuum evaporationo film of silicon oxide is developed as "a high gas barrier film" so that it may be 
indicated by JP,49-41469,A, JP,59-51051,A, JP,61-33936,A, JP,61-279134,A, JP,62-103139,A, JP,1- 
297237,A, JP,5-239622,A, etc. However, these base material films do not have biodegradability, and 
since the disposal approach is either incineration or reclamation, it has led to environmental destruction. 
[0005] 

[Problem(s) to be Solved by the Invention] A microorganism, a bacillus, etc. decompose and the object 
of this invention is in offer of the plastics which is excellent in advanced barrier nature and transparent 
and colorless nature. 
[0006] 

[Means for Solving the Problem] this invention persons resulted in a header and this invention that the 
plastics which decomposes into the biodegradable plastic containing polysaccharide with a 
microorganism, a bacillus, etc., and is excellent in it at advanced barrier nature and transparent and 
colorless nature by forming the thin film layer which consists of a silicon oxide and a metal fluoride was 
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obtained. 

[0007] That is, this invention relates to the biodegradable plastic which has the barrier nature which 
comes to form in one side or both sides containing polysaccharide of a biodegradable plastic (A) the thin 
film layer (B) which consists of silicon oxide and a metal fluoride. Moreover, this invention relates to 
the biodegradable plastic which has the above-mentioned barrier nature to which a biodegradable plastic 
(A) is characterized by containing protein further. Furthermore, this invention relates to the 
biodegradable plastic which has the above-mentioned barrier nature whose metal fluoride of a thin film 
layer (B) is a kind chosen from magnesium fluoride, a calcium fluoride, strontium fluoride, barium 
fluoride, a sodium fluoride, and aluminum fluoride, or two sorts or more. Furthermore, this invention 
relates to the biodegradable plastic in which the presentation ratio of the silicon oxide / metal fluoride 
which constitutes a thin film layer (B) has 99.5 - 80-mol %/0.5 - the 20-mol above-mentioned barrier 
nature which is %. 

[0008] A biodegradable plastic (A) contains protein polysaccharide and if needed, and is decomposition 
or plastics which collapses in pieces with the enzyme by the bacillus and microorganism in soil. Starch, 
a cellulose, glycogen, etc. are mentioned as polysaccharide. The starch obtained from rice, wheat, an 
soybean, com, a potato, etc. as starch and the cellulose obtained from pulp, a cotton linter, etc. as a 
cellulose are mentioned in more detail. Zein, a glutelin, casein, a collagen, gelatin, etc. are mentioned as 
protein. 

[0009] A biodegradable plastic (A) may contain monosaccharides, such as synthetic macromolecules, 
such as polyvinyl alcohol which has biodegradability, polyester, polyurethane, and the poly 
caprolactone, and a galactose, a glucose, fructose. Moreover, the biodegradability polyester which a 
microorganism produces may be contained. Furthermore, a biodegradable plastic (A) may be contained, 
as long as it has with a glycerol etc. as a plasticizer and it has inorganic substances, such as waste, such 
as a sawdust, bark, and a newspaper, and clay, carbon black, fly ash, vegetable oil, etc. with a natural 
product as a bulking agent. 

[0010] Moreover, a biodegradable plastic (A) may contain the synthetic macromolecule which does not 
have biodegradability. However, since neither a bacillus nor a microorganism decomposes, the synthetic 
macromolecule which does not have biodegradability must be the magnitude which does not pose a 
problem even if it disperses in a nature. A biodegradable plastic (A) is the object fabricated in the 
configuration (a film, a sheet, a tray, a bottle, tubular **) of a request of the above-mentioned 
combination structure by the conventional well-known approaches, such as the calender method, a 
tubular film process, T pressure die casting, an injection-molding method, an extrusion method, a blow 
molding method, and a vacuum press method, and how of a configuration does not ask it. Moreover, the 
laminating of congener or the biodegradable plastic of a different kind may be carried out to a 
biodegradable plastic (A) through well-known adhesives. 

[001 1] Corona treatment, plasma treatment, and the thing by which flame treatment is carried out are 
sufficient as a biodegradable plastic (A) beforehand because of adhesive grant. Moreover, coating of the 
******** of organic systems, such as a surfactant system and a polyelectrolyte system, may be carried 
out beforehand. Although the thickness of a biodegradable plastic (A) varies with an application, the 
range of 6-500 micrometers is desirable. 

[0012] the silicon oxide which constitutes a thin film layer (B) will be limited especially if it is within 
the limits called by SiOx (X= 1.0 or more and less than 2.0) - not having - SiO, Si 203, and Si 304 
etc. — it is contained. Moreover, as long as it is the range which does not have an adverse effect in 
physical properties, the cooxide of a magnesium oxide, an aluminum oxide, a magnesium oxide, and an 
oxidation silicon may be included. When using together the cooxide of a magnesium oxide, a silicon 
oxide, and a magnesium oxide to a silicon oxide, the mixing ratio is a silicon oxide / magnesium oxide, 
or about cooxide =99.5-80 mol %/0.5 mol %-20 mol %. 

[0013] As a metal fluoride which constitutes a thin film layer (B), magnesium fluoride, a calcium 
fluoride, strontium fluoride, barium fluoride, a sodium fluoride, aluminum fluoride, etc. are mentioned. 
Especially, magnesium fluoride, a calcium fluoride, and especially aluminum fluoride are desirable. The 
presentation ratio of the silicon oxide / metal fluoride which constitutes a thin film layer (B) has 99.5 - 
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80-mol %/0.5 - the desirable 20-mol range of %, and 95 - 90-mol %/5 - its the ten-mol range of % are 
especially desirable. 

[0014] As for a thin film layer (B), it is desirable to form on a direct biodegradable plastic (A) by the 
vacuum thin film forming method. As a vacuum thin film forming method, either a rolling-up 
continuous method or a sheet method may be used, and the plasma CVD which is the vacuum 
deposition, the ion plating, sputtering, etc. and the CVD method which are PVD can be used. 
Furthermore, if the vacuum evaporationo droplet called a splash during the vacuum evaporationo does 
not occur as the heating approach of vacuum deposition, or if few to extent removed convenient, there is 
especially no limit and it can use the well-known heating approaches, such as high-frequency induction 
heating, resistance heating, and electron ray heating. Although the general crucible method as an 
evaporation source of vacuum deposition may be used, the method which carries out supply blowdown 
of the evaporation raw material indicated by JP, 1-252768, A continuously is also applicable. 
[0015] When it changes into the condition of a thin film, that inorganic compounds, such as a silicon 
oxide, a metal fluoride, silicon, and an organic silicon compound, and the organic compound of the raw 
material of the film formed are independent or any of mixture is [ that the silicon oxide and the metal 
fluoride have just combined almost ] sufficient as the thin film layer (B) formed on a biodegradable 
plastic (A). That is, even if it uses mixture of silicon oxide and a metal fluoride as a raw material and 
makes a thin film layer (B) form on a direct biodegradable plastic (A) by approaches, such as vacuum 
deposition Or vacuum deposition is carried out, carrying out fluoride, moreover, the compound 
containing a metal or a metal like an organometallic compound — oxidation — also as a thin film layer 
(B) Moreover, a metal fluoride and a silicon are made to form with vacuum deposition on a 
biodegradable plastic (A), the vacuum evaporationo layer is oxidized and an after process is available 
also as a thin film layer (B). Especially if it is the approach of processing in the usable temperature 
requirement of a biodegradable plastic (A) as the approach of oxidation treatment, it is not limited, but 
the oxygen gas introducing method under vacuum evaporationo, an electrodischarge treatment method, 
the oxygen plasma method, the oxidizing [ thermally ] method, etc. are raised. 

[0016] Although the thickness of a thin film layer (B) is selected according to the biodegradable plastic 
(A) to be used, its 50-2000A is desirable. It is 100-1500A still more preferably, and especially 300- 
1200 A is desirable. If the need function of a thin film layer is obtained eventually, a double laminating 
and a multilayer are sufficient as the thin film layer (B) formed, and even if it carries out the laminating 
of the silicon oxide metallurgy group fluoride of different species, it will not be cared about. 
[0017] 

[Example] Hereafter, although this invention is further explained to a detail based on an example, this 
invention is not limited to the following examples. In addition, the test method in an example is as 
follows. 

Light transmission: The spectrophotometer "U-best30" of Jasco Corp. was used, and the permeability in 
the wavelength of 400nm and 600nm was measured. In addition, a reference is the plastic film (un- 
vapor-depositing) used for vacuum evaporationo. 

Oxygen-gas permeability: ASTM D Based on 3985, it measured under the conditions of 25 degrees C 
and 100%RH using OXTRAN-TWIN of a U.S. modern control company. 

Moisture vapor transmission: JIS Z Based on 0208, it measured under the conditions of 40 degrees C 
and 90%RH using the calcium chloride (anhydrous). 

biodegradation rate: — ASTM D 5338 (aerobic biodegradation in the inside of the managed compost) — 
being based — 20 days and 40 days after — C02 an yield - measuring — C02 C02 to a theoretical yield 
generated actually an amount — it asked for (%) comparatively. 

[0018] [Example 1] The stirring dissolution was carried out so that a galactose, potato starch, and a 
glycerol might be blended at 10 % of the weight, 85 % of the weight, and 5% of the weight of a rate and 
solid content might become 3 % of the weight at a boiling water. It condensed after the dissolution until 
solid content became 8% of the weight by reduced pressure simple distillation at 1 10 degrees C. 
Spreading desiccation of this was carried out with the doctor knife on the 130-degree C heat calender 
roller at homogeneity, and the unstretched film was obtained. Furthermore, it extended with the 70- 
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degree C heat roller in the die-length direction, and the film with a thickness of 45 micrometers was 
obtained. The vacuum evaporator of the continuation rolling-up type resistance heating method of the 
method which carries out supply blowdown of the evaporation raw material indicated by JP, 1-252768, A 
continuously was used for one side of the obtained film, and heating vacuum deposition of the mixture 
(mixing ratio % of 44 mols :44-mol % :12-mol %) of a silicon, a silicon dioxide, and magnesium 
fluoride was carried out to it at 1350 degrees C (thickness is about 1200 A). The degree of vacuum at that 
time was 3xl0-4torr. 

[0019] [Example 2] A galactose, potato starch, zein, and glycerol Heating vacuum deposition of the 
mixture (mixing ratio % of 44 mols :44-mol % :12-mol %) of a silicon, a silicon dioxide, and 
magnesium fluoride was carried out to both sides of a film with a thickness of 40 micrometers which 
blended at 10 % of the weight, 84 % of the weight, 3 % of the weight, and 3% of the weight of a rate, 
and was obtained by the same approach as an example 1 at 1350 degrees C using the same vacuum 
evaporator as an example 1 (the thickness of each class is about 1200 A). The degree of vacuum at that 
time was 3xl0-4torr. 

[0020] [Example 3] Starch was used as the principal component and heating vacuum deposition of the 
mixture (mixing ratio % of 44 mols :44-mol % :12-mol %) of a silicon, a silicon dioxide, and 
magnesium fluoride was carried out to the microorganism at 1350 degrees C at one side of a 
biodegradability film (the "Mater-Bi film" by the Japanese synthetic chemistry company) with a 
thickness of 35 micrometers which uses the denaturation polyvinyl alcohol of perfect resolvability as an 
accessory constituent using the same vacuum evaporator as an example 1 (thickness is about 1000 A). 
The degree of vacuum at that time was 3xl0-4torr. 

[0021] [Example 4] Heating vacuum deposition of the mixture (mixing ratio % of 98 mols :two-mol %) 
of a silicon monoxide and magnesium fluoride was carried out to both sides of the same 
biodegradability film "the Mater-Bi film" with a thickness of 35 micrometers as an example 3 at 1300 
degrees C using the same vacuum evaporator as an example 1 (the thickness of each class is about 
1000A). The degree of vacuum at that time was 4xl0-4torr. 

[0022] [Example 5] To one side of the same biodegradability film "the Mater-Bi film" with a thickness 
of 35 micrometers as an example 3, it is sheet method vacuum evaporationo equipment (product made 
from ULVAC "EBH-6"). It used and heating vacuum deposition of the mixture (mixing ratio % of 42 
mols :42-mol % :four-mol % :12-mol %) of magnesium fluoride was carried out to a silicon, a silicon 
dioxide, and forsterite (Si02 and 2MgO: cooxide of a silicon dioxide and a magnesium oxide) at 1350 
degrees C (thickness is about 800A). The degree of vacuum at that time was 3xl0-4torr. 
[0023] [Example 6] Heating vacuum deposition of the mixture (mixing ratio % of 48 mols :48-mol 
% :four-mol %) of a silicon, a silicon dioxide, and a calcium fluoride was carried out to one side of the 
same biodegradability film "the Mater-Bi film" with a thickness of 35 micrometers as an example 3 at 
1330 degrees C using the vacuum evaporator which changed into the electron ray heating method the 
heating method of the evaporation source of the vacuum evaporator used in the example 1 from the 
resistance heating method (thickness is about 1000A). The degree of vacuum at that time was 5x10- 
4torr. 

[0024] [Example 7] Heating vacuum deposition of the mixture (mixing ratio % of 60 mols :40-mol %) 
of a silicon monoxide and strontium fluoride was carried out to one side of the same biodegradability 
film "the Mater-Bi film" with a thickness of 35 micrometers as an example 3 at 1370 degrees C using 
the same vacuum evaporationo equipment as an example 5 (thickness is about 1000 A). The degree of 
vacuum at that time was 4xl0-4torr. 

[0025] [Example 8] Heating vacuum deposition of the mixture (mixing ratio % of 95 mols :five-mol %) 
of a silicon monoxide and barium fluoride was carried out to one side of the same biodegradability film 
"the Mater-Bi film" with a thickness of 35 micrometers as an example 3 at 1350 degrees C using the 
same vacuum evaporationo equipment as an example 1 (thickness is about 1000 A). The degree of 
vacuum at that time was 3xl0-4torr. 

[0026] [Example 9] Heating vacuum deposition of the mixture (mixing ratio % of 44 mols :44-mol 
% :12-mol %) of a silicon, a silicon dioxide, and a sodium fluoride was carried out to one side of the 
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same biodegradability film "the Mater-Bi film" with a thickness of 35 micrometers as an example 3 at 
1350 degrees C using the same vacuum evaporationo equipment as an example 1 (thickness is about 
1200A). The degree of vacuum at that time was 3xl0-4torr. 

[0027] [Example 10] Heating vacuum deposition of the mixture (mixing ratio % of 44 mols :44-mol 
% :12-mol %) of silicon, a silicon dioxide, and aluminum fluoride was carried out to both sides of the 
same biodegradability film "the Mater-Bi film" with a thickness of 35 micrometers as an example 3 at 
1350 degrees C using the same vacuum evaporationo equipment as an example 1 (the thickness of each 
class is about 1200 A). The degree of vacuum at that time was 5xl0-4torr. 

[0028] [Example 1 of a comparison] Biodegradability film with a same thickness [ the / as an example 
1 ] of 45 micrometers (with no thin film layer). 

[Example 2 of a comparison] Biodegradability film with a same thickness [ the / as an example 3 ] of 35 
micrometers "the Mater-Bi film" (with no thin film layer). 

[0029] [Example 3 of a comparison] Heating vacuum deposition of the mixture (mixing ratio % of 50 
mols :50-mol %) of a silicon and a silicon dioxide was carried out to one side of the same 
biodegradability film "the Mater-Bi film" with a thickness of 35 micrometers as an example 3 at 1400 
degrees C using the same vacuum evaporationo equipment as an example 1 (thickness is about 800A). 
The degree of vacuum at that time was 5xl0-4torr. 

[0030] [Example 4 of a comparison] Heating vacuum deposition of the magnesium fluoride was carried 
out to both sides of the same biodegradability film "the Mater-Bi film" with a thickness of 35 
micrometers as an example 3 at 1300 degrees C using the same vacuum evaporationo equipment as an 
example 1 (the thickness of each class is about 800 A). The degree of vacuum at that time was 2x10- 
4torr. 

[0031] [Example 5 of a comparison] Heating vacuum deposition of the aluminum was carried out to 

both sides of the same biodegradability film "the Mater-Bi film" with a thickness of 35 micrometers as 

an example 3 at 1 100 degrees C using the same vacuum evaporationo equipment as an example 6 (the 

thickness of each class is about 1000 A). The degree of vacuum at that time was 6xl0-4torr. 

[0032] Light transmission, oxygen gas permeability, moisture vapor transmission, and a biodegradation 

rate were measured about the film obtained in examples 1-10 and the examples 1-5 of a comparison. A 

result is shown in a table 1 . 

[0033] 
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[Effect of the Invention] By this invention, the biodegradable plastic which has advanced barrier nature 
and high visible-ray transmission (visible-ray transmission more than plastics before vapor-depositing) 
came to be obtained. In addition, the biodegradation rate of the biodegradable plastic of this invention is 
equivalent to the biodegradable plastic which does not have a thin film layer. 



[Translation done.] 
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** s -cfc ttntf ft 6 ft 75 y f 
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[0 0 12] *KA (B) t*j«r*w-w*»ft«tt. 
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5 ^ 2 0 t;UX ©M* 1 *?* b < . » I* 9 5 ~ 9 0 ^ 
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^«©«t5ft*«S*Ofl:'&**»^* fctt:7yfl:S ' a: 
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^SjS^Srffitebfe. ft*5* U7 7U>^lt ^StCffl 

gE^^T-Sii^ : ASTM D 3 9 8 5 fcflMfcU * 
> HP-MtOOXTRAN-TW I N£ffl 
liT, 2 5*0, l0 0%RH©MTfIStfc. 
7K^Sii* : J I S Z 0 2 0 8 iCiJMftb. 
JU->^A tffl^T. 4 0*C. 90%RH©M 
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am* v y #- D - 5 -± c h * * 7 
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0O0t>^bD-A) . ^©8|©X$SH 3X1 

0"tor r -C&ofco 40 
[0 0 2 1] (*|8«4] **«3tRI*«)*«3 5u 
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8 0 0*>^hD-A) . ^©Pt©X^Stt2X 1 0 
' 4 t o r r -efe-pfc. 
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